Abstract The success of the hotspot approach for biodiversity conservation depends on the spatial scale and the indicator species used. In this study, we investigated grasshopper species richness in Switzerland at a 1 ha resolution including a total of 111 species. We compared the representativeness of common and of endangered grasshopper species for the overall grasshopper species richness and we assessed the efficiency of the hotspot approach for grasshopper conservation. The pattern of overall grasshopper species richness was well represented by both the number of common and the number of endangered grasshopper species. For evaluating the efficiency of different hotspot approaches for conservation, we compared hotspots of common species, hotspots of endangered species (rarity hotspots), and hotspots of all grasshopper species (richness hotspots). Among these hotspot types, richness hotspots not only featured most common grasshopper species, but they even contained more endangered species than the rarity hotspots. The combination of rarity hotspots and hotspots of common species featured more species than the other combinations of hotspot types. However, the gain of combining two hotspot types compared to the single-hotspot approach was low (max. 3 species). About 24% of the species were not contained in any of the hotspots. These grasshopper species require species-specific action plans. As rarity hotspots were located in areas that are rather strongly affected by landscape change, species richness in rarity hotspots may decrease in the future. We conclude that, for grasshoppers, the hotspot approach on the 1 ha scale can be an effective way to conserve a high proportion of species richness.
Introduction
The protection of diversity hotspots is an obvious strategy for the effective conservation of biodiversity (Prendergast et al. 1993; Armsworth et al. 2004) . The global application of the hotspot-approach (Myers et al. 2000) , however, is disputed because decision makers may see it as a cure all, and the world outside the hotspots would remain or become a 'coldspot' (Jepson and Canney 2001; Kareiva and Marvier 2003) . On a regional or national scale, the protection of diversity hotspots could provide a basis for designing reserve networks in the sense of the Convention on Biological Diversity (ISCBD 1994; Bonn et al. 2002; Kati et al. 2004 ), but also on this smaller scale there are constraints on the hotspot concept.
Several studies have shown that the diversity hotspots of different taxonomic groups are not identical and there is a lack of good biodiversity-indicators (Prendergast et al. 1993; Ricketts et al. 1999; Bonn et al. 2002) . However, on the landscape scale and with a high resolution, e.g. Duelli and Obrist (1997) and Sauberer et al. (2004) have shown that Heteroptera and Orthoptera can capture a high percentage of the overall species richness. Therefore, the hotspot-strategy based on high resolution surveys of popular taxonomic groups could be an efficient way of conserving biodiversity.
In practice, conservation strategies are often tailored to endangered species because they are of major concern due to their above average risk of extinction. Selecting sites for a reserve network by targeting endemic and/or threatened species may therefore be a first step in reserve planning (Bonn et al. 2002) . However, species-rich areas frequently do not coincide with the hotspots of rare species (Prendergast et al. 1993; Bonn et al. 2002) , and, conversely, it is not the rare but the common species that are most responsible for richness patterns (Lennon et al. 2004) . In other words, the conservation of rarity hotspots (plots with high numbers of endangered species; Gjerde et al. 2004) does not necessarily capture a high percentage of the overall species richness. In this study we address the question whether this limitation of the hotspot-strategy at low to intermediate resolutions (Prendergast et al. 1993; Bonn et al. 2002; Lennon et al. 2004 ) is also effective on fine-scale hotspots (resolution = 1 ha; e.g. Gjerde et al. 2004) .
The discordance of the spatial patterns of common and rare species is, among other factors, caused by the markedly differing environmental requirements of these two groups (Jetz and Rahbeck 2002; Duelli and Obrist 2003; Magurran and Henderson 2003) . The increasing rarity of species and the impoverishment of biodiversity in the European cultural landscape are partially caused by habitat loss due to human-induced landscape change (e.g. Desender and Turin 1989; Kö hler et al. 2003) . In Switzerland, the habitats of endangered grasshopper species are mainly relicts of natural habitats like natural floodplains or bogs, and relicts of traditional landscape elements such as poor grassland (Thorens and Nadig 1997) . Rarity hotspots should therefore mainly be located in such relicts of either natural or traditional cultural landscapes, while the hotspots of common species can also be situated on sites with higher productivity and more intense agriculture. If the rarity hotspots are actually located in either natural or traditional cultural landscapes, they are in danger of being affected by human-induced landscape changes.
Due to the potential limitation of the hotspot strategy and the potential vulnerability of rarity hotspots, we decided to evaluate the fine-scale hotspots (resolution of 1 ha) of Swiss grasshoppers based on the following research questions:
• Is it the common or the endangered grasshopper species that are most responsible for the spatial pattern of grasshopper species richness? • What environmental factors differentiate rarity hotspots from the hotspots of common species? • Are fewer grasshopper species captured by rarity hotspots than by hotspots of common species or by richness hotspots?
Methods

Study design
The database for this study consists of the grasshopper surveys in Switzerland made during the time period 1998-2003 and collected at the Swiss Biological Records Centre (CSCF Neuchâ tel). In this time period 13,429 plots of 1 ha were surveyed (total surface of Switzerland: 4,128,400 ha). Within these plots 111 grasshopper species were found, of which 62 are endangered (Thorens and Nadig 1994) and 49 species are common (not endangered).
Hotspots were defined here as the 50 plots with the highest numbers of grasshopper species (Fig. 1) . We evaluated rarity hotspots (highest numbers of endangered grasshopper species, Thorens and Nadig 1994) , hotspots of common species (not endangered grasshopper species), and richness hotspots (all grasshopper species). The plots of the rarity hotspots were occupied by 9-18 endangered grasshopper species, hotspots of common species represent plots with 11-15 species, and 17-29 grasshopper species were reported in the 50 richness hotspots (number of all plots: 13, 429).
Representativeness of common and endangered species for the spatial pattern of grasshopper species richness A hotspot approach based on endangered species or on rarity hotspots is only valid for the entire taxon, if the endangered species are good indicators of the richness Fig. 1 Frequency distribution of grasshopper species richness per 1 ha plot (Number of all plots: n = 13, 429). For three groups of grasshopper species, the 50 plots with highest numbers species were defined as hotspots Biodivers Conserv (2007 Conserv ( ) 16:2075 Conserv ( -2086 Conserv ( 2077 pattern of the whole taxon. To compare the representativeness of endangered grasshopper species and of common grasshopper species, we calculated the bivariate Spearman correlation coefficients between the number of endangered grasshopper species, the number of common grasshopper species, and the number of all grasshopper species. These calculations were done by either including all 13,429 plots with grasshopper surveys or by two subsets, i.e., plots with 1-14 species (n = 13,298) and plots with 15-29 species (n = 131).
Differences between rarity hotspots and hotspots of common species
To evaluate the differences in the habitat-characteristics of rarity hotspots (reduced number: n = 47) and hotspots of common species (n = 50), the plots of these two hotspot types were compared by means of a logistic regression (model: a = 0.05; variables: a = 0.05; stepwise backwards procedure). In three cases two rarity hotspots touched each other. To minimize autocorrelation one of the two hotspots was removed randomly. The rarity hotspots were compared with the hotspots of common species according to 8 predictive variables. As a factor for local climate we chose the interaction of the sum of solar radiation in July and the average temperature in July (radiation by temperature; metric factor). Precipitation (sum of rainfall in July; metric) is a measure of either microclimate and of the productivity of the vegetation. The mean slope (metric) is a measure for productivity and for human disturbance, because slope in the study sites was highly correlated with soil depth (Spearman correlation coefficients > 0.6) and in steep habitats land use is more difficult. Due to soil depth's high correlation with slope, the factor soil depth was disregarded in the model. Distance to settlements (metric) is an indicator of accessibility. If a plot contains surfaces that are listed in a national inventory of natural floodplains, of bogs, or of poor grassland, it contains a relatively 'old' habitat-type (habitat continuity; Boolean factor). Land-use category (categorical factor with 24 classes) is a point survey of the land use in one corner of the studied plots. This survey is based on the interpretation of aerial photographs and was made between 1992 (Swiss Federal Statistical Office 2001 . Additionally the number of land-use categories (land-use variety, metric factor) in the surroundings (radius = 300 m) of the study sites was taken into account in the model. As a measure of landscape change we counted the number of 1 ha plots in the surroundings (radius = 300 m) of the hotspots, in which the land-use category changed between the surveys of 1979/85 and 1992/97 (Swiss Federal Statistical Office 2001).
Representativeness of different hotspot types for grasshopper species richness
We used two measures to compare the representativeness of rarity hotspots, hotspots of common species, and richness hotspots. First, we counted the number of species occurring in the plots of the different hotspot types and their combinations, and second, we evaluated the number of occupied plots ('range size' in Lennon et al. 2004 ) of the grasshopper species in the different hotspot types. The 'range size' of endangered and of common species in the three hotspot types was compared with the Friedman-test and pair-wise with the Wilcoxon-test for related samples (Bonferroni adjusted a = 0.016).
Results
Representativeness of common and endangered species for the spatial pattern of grasshopper species richness Plotting common and endangered species against total numbers of grasshopper species revealed that the representativeness of common and endangered species depends on the number of total grasshopper species per plot (Fig. 2) . Considering all the plots in Switzerland where grasshopper releves have been made (1-29 species, n = 13,429) and plots with 14 or less species (n = 13,298), common species (Spearman correlation coefficients = 0.88) represent more of the total grasshopper species richness than endangered species (Spearman correlation coefficient = 0.60 and 0.59). In the plots with at least 15 grasshopper species (n = 131) the endangered species represent the total grasshopper species richness better (Spearman correlation coefficient = 0.53) than common species (Spearman correlation coefficient = 0.26). In these plots the endangered species and the common species are negatively correlated (Spearman correlation coefficient = -0.61).
Differences between rarity hotspots and hotspots of common species
The model outcome of the logistic regression analysis is highly significant (P < 0.001; Table 1 ). Rarity hotspots and hotspots of common species differed significantly in several variables, namely: habitat-continuity (more rarity hotspots with 'old' habitattypes, Table 1 ), precipitation (less precipitation in rarity hotspots), and landscape change (more changes in the surroundings of rarity hotspots; Table 1 , Fig. 3 ). Representativeness of different hotspot types for grasshopper species richness
Analyzing the spatial distribution of hotspots reveals that richness hotspots, hotspots of common species and rarity hotspots (n = 50 each) are distributed differently: whereas richness hotspots and hotspots of common species are located in both northern and southern Switzerland, rarity hotspots are mostly located in southern Switzerland (Fig. 4) . The 50 richness hotspots consist of 27 rarity hotspots, 17 hotspots of common species, and 10 other plots. Four of the hotspots of common species and rarity hotspots are identical. The richness hotspots represent 73% of all grasshopper species, and the hotspots of common species and rarity hotspots represent 69% ( Table 2) . As expected, rarity hotspots represent more endangered and fewer common species than hotspots of common species. By combining different or all hotspot types, a maximum of 3 species are gained (Table 2) . In all three hotspot types the endangered species of the Red List category 3 (vulnerable) are better represented than the more threatened species of the Red List categories 1 (critically endangered) and 2 (endangered; Table 3 ). 14 of the most endangered grasshopper species (Red List categories 1 and 2) are not recorded in the rarity hotspots, and 15 are not represented by hotspots of common species and by richness hotspots (Table 3) .
The 'range sizes' (number of occupied plots) of endangered species in the richness hotspots and in the rarity hotspots significantly exceed the range size of endangered Table 1 Results of the logistic regression to differentiate between rarity hotspots (n = 47) and the hotspots of common species (n = 50): rarity hotspots and the hotspots of common species differ significantly in the variables precipitation, habitat-continuity and landscape change Fig. 3 Distinguishing between rarity hotspots and hotspots of common species: rarity hotspots (n = 47) have a lower precipitation than hotspots of common species (n = 50) and their surroundings are more strongly affected by landscape change (dotted line = Loess-smoother) Fig. 4 Locations of grasshopper hotspots in Switzerland: rarity hotspots (n = 50) are mostly restricted to southern Switzerland, whereas the hotspots of common species (n = 50) and richness hotspots (n = 50) are also located in northern Switzerland 2075-2086 2081 species in the hotspots of common species (Friedman-test: v 2 = 31.1; P < 0.001, Wilcoxon-test: Z = -4.7; P < 0.001). The range size of common species in the rarity hotspots is significantly lower than in the hotspots of common species (Wilcoxontest: Z = -3.4; P = 0.001) and also lower than in the richness hotspots (Wilcoxontest: Z = -4.3; P < 0.001). The range size of common species does not differ between the hotspots of common species and the richness hotspots (Wilcoxontest: Z = -1.5; P = 0.13).
Discussion
Representativeness of common and endangered species for the spatial pattern of grasshopper species richness Our analyses show that both the number of common grasshopper species and the number of endangered species are good indicators for overall grasshopper species richness. This corresponds with several other studies where rare and/or common species also correlated with the species richness of the whole taxon (e.g. Thomas and Mallorie 1985; Berg and Tjernberg 1996; Gaston and Blackburn 1996; Lehmann et al. 2002; Lennon et al. 2004; Werner and Buszko 2005) . In our study, however, it was crucial to differentiate between the species-rich plots and the plots with lower numbers of species as common species contributed more to the richness pattern in areas with lower numbers of grasshopper species. Conversely, the endangered grasshopper species had a higher affinity for the most species rich plots and therefore explained more of the richness pattern in the species-rich areas. Consequently, more than 50% of the richness hotspots coincide with rarity hotspots.
The number of common Swiss grasshopper species per plot rises only to a certain level. With increasing species richness of the whole taxon, the number of common species levels off. Therefore, the habitat requirements of common Swiss grasshopper species are likely to be more heterogeneous (i.e. some species prefer dry habitats, some species prefer humid habitats and some species are generalists) than those of the endangered species, which accumulate especially in the most species-rich plots. Many of the endangered species tend to occur only under very specific conditions (e.g. dry and highly structured grassland), where they are more likely to co-exist than common grasshopper species due to their less diverse environmental requirements. Given this and because there is no published evidence that common and endangered grasshopper species differ in their mean mobility, we hypothesize that the frequency and the degree of endangerment of the grasshopper species reflects primarily habitat availability as was suggested generally by Wright et al. (1998) . This hypothesis stands in contradiction to the general statements by Tilman (1997) and Hubbell (2001) , who suggest that rarity depends mostly on the dispersal ability of a species or on dispersal limitation due to fragmentation.
We conclude that the rarity hotspots of an indicator taxon are likely to capture a high proportion of the overall biodiversity, because endangered grasshopper species are good indicators for grasshopper species richness, and grasshopper species are also good indicators for overall biodiversity (Sauberer et al. 2004) . Therefore, the general constraints on the hotspot-strategy proposed by Prendergast et al. (1993) , Bonn et al. (2002) , and Lennon et al. (2004) are not supported by our results.
Differences between rarity hotspots and hotspots of common species
The locations of the hotspots of endangered species (rarity hotspots) and the locations of the hotspots of common species differ markedly with regard to several environmental variables: Rarity hotspots are located in areas that are less humid (precipitation) , that are more likely to contain old habitat-types, such as natural floodplains, bogs, or poor grassland (habitat-continuity), and that are more strongly affected by landscape change. Due to lower humidity (with the same radiation by temperature), the productivity in rarity hotspots is likely to be lower than in the hotspots of common species. This lower productivity may indicate less land-use intensity. A lower productivity of rarity hotspots would correspond with the generally differing habitat requirements of rare and common species (Jetz and Rahbeck 2002; Magurran and Henderson 2003) , and in particular with the higher affinity of endangered Swiss grasshopper species for habitats with low productivity (Thorens and Nadig 1997) . These differences in the habitat requirements of endangered and common grasshopper species lead to the different spatial distributions of rarity hotspots and the hotspots of common species in Switzerland, as their habitats are not distributed equally.
We assume that the rarity hotspots of Swiss grasshopper species are relicts of former more common habitats. The relictic character of the areas where rarity hotspots are located is indicated by their relatively low productivity and the high proportion of old habitat types. Low productivity may be a reason for the comparatively high degree of landscape change in the surroundings of the rarity hotspots because land of low productivity is often abandoned leading to the regrowth of scrub and secondary forests (Bä tzing 1996) . The process of landscape change is highly relevant for nature conservation as it threatens habitat quality in the hotspots. Furthermore, landscape changes in the surroundings of the hotspots may affect important source populations. If nearby source populations have been lost, landscape changes in the surroundings of the hotspots might lead to a decrease in species richness in the hotspots themselves, even if they are not directly affected by these processes (e.g. Tilman et al. 1994; Hanski and Ovaskainen 2002; Cabeza and Moilanen 2003; Jacquemyn et al. 2003; Lindborg and Eriksson 2004; Roy et al. 2004 ).
Representativeness of different hotspot types for grasshopper species richness
In comparison to investigations on other taxa (e.g. Prendergast et al. 1993; Gjerde et al. 2004) , each of our three hotspot types feature a relatively high proportion of all Swiss grasshopper species. Interestingly, it is the richness hotspots that capture most common as well as most endangered grasshopper species. Therefore, protecting richness hotspots is more 'efficient' than the other hotspot approaches. The 'range size' of the species (number of occupied hotspots) does not significantly differ from the other two hotspot types. These findings suggest that protecting richness hotspots is most efficient for conservation practice.
Most of the richness hotspots are identical with either rarity hotspots or hotspots of common species. Rarity hotspots and the hotspots of common species differ in their environmental characteristics (Table 2 ) and spatial distributions (Fig. 4) . Therefore, we conclude that the richness hotspots encompass a higher diversity of habitat-types than the rarity hotspots or the hotspots of common species. Consequently, richness hotspots are likely to capture a higher proportion of grasshopper species than either the rarity hotspots or the hotspots of common species. But the higher diversity of habitat types is mainly reflected by the 'range size' of the species and only marginally by the set of species featured by the hotspots (see below).
A considerable proportion of Swiss grasshopper species does not occur in any of the three types of hotspots. Especially many critically endangered and endangered species (Red List categories 1 and 2) are not featured by the hotspots. Even combining two or all the three hotspot types does not lead to a remarkable increase in the number of featured grasshopper species. Therefore, very rare species or species that adapted to special habitat types (such as bogs) or special climatic regions (i.e. high altitude) are rarely featured by the hotspots. For these species, especially for the relatively high number of endangered species that do not occur in hotspots, species specific conservation policies are needed, because even a hotspot approach at regional levels would probably fail to protect them adequately.
Conclusions
In combination with species-specific conservation plans, fine-scale hotspots of species richness (at a resolution of 1 ha) are a valuable tool for biodiversity conservation in cultural landscapes, even with a focus on endangered species. However, there is a trade off between efficiency and conservation needs: while richness hotspots are most efficient in representing grasshopper species richness, it is the rarity hotspots that are most vulnerable due to landscape changes in their surroundings.
To conserve species richness in the hotspots and increase species richness in their surroundings, it might be appropriate to reintroduce or imitate traditional land-use practices if the hotspots concerned are relicts of traditional cultural landscape elements such as poor grasslands (sensu Austad 2000) . Converting farmland into lowinput habitats is an important instrument in the agri-environmental schemes developed in many European countries (Kleijn and Sutherland 2003) . Protecting biodiversity is also a major objective of agri-environmental schemes in Switzerland (Bö tsch 1998; Forni et al. 1999) . However, endangered species rarely benefit from these schemes (Herzog et al. 2005; Knop et al. 2006) . To improve this situation, species richness must be efficiently enhanced by linking the hotspots with other species-rich habitats and by creating new hotspots. This requires having information on the most suitable sites for creating low-input habitats. Here, taxon-specific habitat-suitability models can provide a basis for optimizing the selection of potential hotspots for restoration (e.g. Maes et al. 2003) . Although richness hotspots capture more species, our study suggests that focussing conservation efforts on rarity hotspots might be preferred as these sites seem to be currently the most critically threatened by land-use changes.
